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Protrusion of the device: a complication of
catheter closure of patent ductus arteriosus
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Abstract
Objective-To assess the medium term

results of percutaneous transvenous
closure of patent ductus arteriosus, in
particular with regard to protrusion of
the device with or without turbulence of
the bloodflow.
Design-Clinical examination and

echocardiographic study (cross sectional
Doppler, and colour Doppler examina-
tion) within 24 hours of and at least 6
months after implantation (range 6-26
(mean 15) months).
Setting-Multicentre study at the

departments of paediatric cardiology of
three academic hospitals. Tertiary clin-
ical care of the first group of patients in
the Netherlands treated by the percutan-
eous transvenous method.
Patients-36 patients (12 male, 24

female) mean age 8-2 years, (range 1-7-
58 3), mean weight 25 5 kg (range 11-
67-8 kg). The total group consisted of 46
patients. In one the implantation had
failed and nine others were not available
for regular follow up. All 36 patients
underwent non-surgical closure of the
patent ductus arteriosus with a Rashkind
double umbrella prosthesis.
Main outcome measures-Diagnosis

or exclusion of protrusion of the Rash-
kind device with or without turbulence
of the blood flow with follow up of chan-
ges in protrusion and turbulence.
Results-In 17 patients the prosthesis

protruded into an arterial lumen: the
aorta in 13 and the (left) pulmonary
artery in four, with turbulence in seven
and two cases respectively. After six
months the aortic protrusion dis-
appeared in three, including one who
had had turbulent blood flow. At the end
of follow up the prosthesis still
protruded into the aorta in 10 but in
three the turbulence had vanished. In
two of the three remaining patients with
turbulence in the descending aorta the
degree of turbulence had decreased.
There was no lessening of turbulence in
the four patients in whom the device
protruded into the pulmonary artery.
Conclusions-The Rashkind double

umbrella can protrude into the descend-
ing aorta and the left pulmonary artery
without causing turbulent blood flow.
Turbulence and the protrusion itself can
disappear. Endocarditis prophylaxis

may be required for as long as the device
causes turbulence.

(Br Heart J 1992;68:301-3)

Many centres use transvenous placement ofthe
double umbrella occlusion device,' to close a
persistently patent ductus arteriosus. Trans-
catheter closure is feasible in most children
with a patent ductus arteriosus.2 It is safe and
effective,3 and offers several advantages, but it is
not without complications. Residual left to
right shunting after incomplete closure of the
patent duct was reported in more than 30% of
patients.34 With subsequent spontaneous
closure of these often tiny, residual ductal leaks
resulted in an incomplete closure rate of about
20% a year or more after the procedure.'"
Arterial complications sometimes require
intravenous heparin.6 Embolisation of the
device, which was reported in 15% of the
patients,' has become an uncommon event with
increasing experience and improved tech-
niques. Post-implantation haemolysis is a
serious complication that calls for surgical
removal of the device7 or placement of a second
occluder device.9 Both reduce one of the main
advantages of the procedure-that is, a short
hospital stay.26 Only in one case endarteritis
has been attributed to the procedure.' Though
it has been claimed that the occluder device
does not obstruct the aorta or the (left) pulmon-
ary artery,2 narrowing of the left pulmonary
artery related to occluder device placement has
been described.' We report on the extent of
obstruction that was caused by the device in the
left pulmonary artery and the descending aorta.

Patients and methods
Between February 1988 and November 1989
non-surgical closure of a persistently patent
ductus arteriosus was attempted in 46 patients
in three academic hospitals in the Nether-
lands.59 Informed consent was obtained from
all parents and/or patients. The treatment
protocol was approved by the Ethical Review
Committee of the Leiden University Hospital.
The patients were not consecutive because
during the study period three children were
treated surgically. In one patient the procedure
failed because the occluder device embolised
into the right pulmonary artery. Nine patients
(eight from abroad) were not available for the
regular follow up, which included clinical
examination, cross sectional echocardiography,
and colour coded Doppler flow study.

Thirty six patients (21 from Leiden, 13 from
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Figure 1 (A) Rashkind occluder device (arrow) protruding into the descending aorta.
(B) Colour coded Doppler echocardiogram showing turbulence offlow at the inner wall
of the descending aorta. The arrow points to the site of the Rashkind device.
ao, descending aorta; pa, pulmonary artery.

Rotterdam, and two from Groningen) par-

ticipated in the study (mean age 8 2 years,

range 1-7-58-3 with four > 15 years old and
mean weight 25 5 kg (range 11-67-8 kg). There
were 12 male and 24 female patients. One also
had a small ventricular septal defect and
another had serious kyphoscoliosis. We used a

12 mm diameter device in 20 patients and a

17 mm diameter device in 16 according to the
echocardiographically measured and angiocar-
diographically verified smallest diameter of the
patent duct (12 mm device if < 4 mm). In three
patients a second device had to be implanted; in
two patients after 15 and 20 months because of
a considerable residual ductal leak and in
the remaining patient after seven months
because of a severe haemolysis that resolved
subsequently.

All 36 patients underwent a complete cross

sectional echocardiographic investigation
(including colour coded Doppler flow) within
24 hours of the procedure and also at least six
months afterwards. We used a Hewlett Packard
Sonos 1000 or a Vingmed 750 system. All but
three were followed up for more than six
months and were restudied at the end of the

Figure 2 (A) Occluder device protruding into the left pulmonary artery (arrow).
(B) Turbulence of the bloodflow at the site ofprotrusion of the Rashkind device inside
the left pulmonary artery (arrow). pa, pulmonary artery.

follow-up period (mean 15 months; range 6-26
months). We especially studied the aortic arch,
descending aorta, pulmonary artery, and duc-
tus arteriosus from the suprasternal and high
left parasternal short axis views and the colour
coded Doppler derived turbulent flow patterns
caused when the always readily visualised
Rashkind occluder device protruded into the
lumen of the descending aorta or pulmonary
artery. We used colour flow mapping to inves-
tigate residual ductal shunting.3 l0

Results
In 13 (36%) patients the occluder device
protruded into the descending aorta (fig 1A),
and caused turbulent blood flow in seven (fig
1B). In six no turbulence was detected by
colour coded flow imaging though the device
clearly protruded. The turbulent blood flow
was restricted to the inner wall of the descend-
ing aorta and was caused by one of the arms of
the distal part of the device impinging on the
aortic lumen. It was always unequivocally and
reproducibly present. Turbulent blood flow
was not seen when there was no obvious
protrusion of the device. However, in several
patients who had a duct with a clear aortic
ampulla we found normal velocity flow towards
the transducer inside the aortic end of the duct.
As expected, none of the femoral arterial pulses
were weakened. After six months of follow up
protrusion of the device into the descending
aorta had disappeared in three patients includ-
ing one in whom blood flow had been turbulent.
At the end of the follow up period, the device
protruded into the aorta in 10 patients, but in
another three patients the turbulent blood flow
that had been present was no longer found. In
two of the three patients with turbulent aortic
blood flow at the end ofthe follow up period, the
degree and extent ofthe disturbance had clearly
lessened since the six month follow up. In six
patients the protrusion was caused by a 17 mm
device and in four it was caused by a 12 mm
occluder. Protrusion of the device into the left
pulmonary artery was seen in four (11%)
patients (fig 2A) and this was accompanied by
turbulence in two of them (fig 2B). Both had a
second 17 mm device implanted. In one of
them, a two year old boy weighing 12 kg, the
maximal blood flow velocity measured in the
left pulmonary artery was 2 7 m/s, suggesting a
gradient of approximately 25 mm Hg between
the main pulmonary artery and the left branch
caused by the Rashkind occluder device.
The four patients in whom a portion of the

occluder device protruded into the left pul-
monary artery at the start of the study showed
no change over time.

In eight (22%) patients we found residual
ductal leaks. Two of them, mentioned before,
with a haemodynamically significant residual
shunting, underwent successful placement of a
second occluder device and in two other
patients the tiny leaks had disappeared six and
12 months later. The remaining four patients
still have tiny residual ductal leaks and none of
them have protrusion of the occluding device
into an arterial lumen.
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Discussion
Catheter closure of a patent ductus arteriosus,
was successful in 80% of patients after first
treatment and in over 90% when successful
placement of a second device in those with
considerable residual ductal leaking was taken
into account.9 Protrusion of a portion of the
occluder device into the left pulmonary artery
was described in a patient with an estimated
gradient of 10 mm Hg.' Musewe et al des-
cribed how the proximal arms of the device
straddled the orifice ofthe left pulmonary artery
in several patients but they did not report any
gradient.4 In our group of 36 patients we saw
protrusion of the device into the pulmonary
artery in four, with a gradient of approximately
25 mm Hg in one. During the follow up period
there was no change in the numbers with
narrowing of the left pulmonary artery or the
extent of narrowing caused by the Rashkind
occluder device. Surprisingly, we found that in
13 of the 36 patients the device protruded into
the descending aorta. To the best of our
knowledge, this complication has not been
described before. The device seemed especially
likely to protrude if a 17 mm diameter device
was implanted in a small child. Protrusion of
the device into the aortic lumen is most likely to
occur in small children with a short duct who
do not have an aortic ductal diverticulum to
anchor the distal arms of the umbrella. Unlike
the protrusion of the device into the left
pulmonary artery, the aortic protrusion disap-
peared in three patients and in others the extent
of turbulence caused by the device also
decreased. Blood flow in the descending aorta
was turbulent in seven patients shortly after
insertion and in only three at the end of the
follow up period. In two of these the extent of
the turbulence had decreased. The suggested
process of endothelialisation and covering with
tissue of the discs of the double umbrella

occluder device, leading to complete incor-
poration into the arterial walls,'7 is likely to be
slow and gradual. Our findings accord with the
suggestion that with time incorporation of the
device is complete, but further follow up is
needed to confirm this. How long after success-
ful and complete closure of the patent ductus
arteriosus (established by colour Doppler
examination) can endocarditis prophylaxis be
stopped? Some advise six months,5 and others
12 months.2 However, if tiny residual shunts
are present or if the device protrudes into the
aortic or pulmonary arterial lumen with tur-
bulent blood flow at that site endocarditis
prophylaxis should be continued.
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